ELECTRONIC IMAGING APPARATUS 
AND MICROSCOPE APPARATUS USING THE SAME 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to an electronic imaging apparatus used to photograph 
(image) a specimen, and in particular, to an electronic imaging apparatus for micro- 
scopes used in a microscope. 

2 . Description of Related Art 

Fig. 1 shows a conventional example where an imaging apparatus of a type in 
which a film is used is attached to a microscope. 

In a microscope 11 of Fig. 1, light from a light source 13 in a source device 12 is 
rendered nearly parallel by a collector lens 14 and is reflected by a mirror 15 to irra- 
diate a specimen (not shown in the figure) mounted on a stage 16. Light from the 
specimen is incident on a camera 18 through an objective lens 17 so that an image of 
the specimen is formed. 

The camera 18 is attached to the microscope 11 through a mount, not shown, 
and light incident through the microscope 1 1 is imaged on the surface of a loaded 
film 19. 

Also, in Fig. 1, reference numerals 20 and 20' represent eyepieces, numeral 21 
represents a filter, 22 represents a driving means for moving the filter in and out of 
the optical path, and 23 represents a microscope support. Reference numeral 24 
denotes a prism box for recognizing focusing and framing or calculating the amount 
of exposure and 25 denotes a shutter for exposure. 

As imaging apparatuses used for microscope photography in recent years, elec- 
tronic imaging apparatuses using electronic image sensors, such as CCDs, have been 
widely used. This is due chiefly to three factors: (1) the specimen can be easily 
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imaged (photographed), (2) a photographed image is easily processed, and (3) the 
control and distribution of the photographed image are facilitated. 

The electronic image sensors maintaining the leading position at present on a 
consumer market are being reduced in cost. Consequently, the cost of the entire 
5 imaging apparatus is also reduced so that a user can more easily purchase the micro- 

scope. 

SUMMARY OF THE INVENTION 

An electronic imaging apparatus of the present invention includes a connecting 
section connected to an optical apparatus; an optical element having a preset trans- 
it) mittance with respect to light in a preset wavelength region, incident from the optical 
apparatus; and an electronic image sensor receiving the light transmitted through the 
optical element. 

A photographic camera connecting adapter of the present invention is interposed 
between an optical apparatus and a photographic camera and includes a first con- 
15 necting section connected to the optical apparatus; a second connecting section con- 

nected to the photographic camera; and an optical element having a preset transmit- 
tance with respect to light in a preset wavelength region, incident from the optical 
apparatus. 

A microscope apparatus of the present invention includes a microscope; an opti- 
20 cal element having a preset transmittance with respect to light in a preset wavelength 

region, incident from the microscope; and an electronic image sensor receiving the 
light transmitted through the optical element. 

These and other features and advantages of the present invention will become 
apparent from the following detailed description of the preferred embodiments when 
25 taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a view schematically showing a conventional example where an imag- 
ing apparatus using a film is attached to a microscope; 
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Fig. 2 is a view for explaining the property of light reflected by an ND filter to- 
ward an electronic image sensor; 

Fig. 3 is a sectional view showing essential parts in a first embodiment of the 
electronic imaging apparatus for microscopes according to the present invention; 

Fig. 4 is a diagram showing a spectral transmittance characteristic curve of an 
ND filter used in the first embodiment; 

Fig. 5 is a diagram showing a spectral transmittance characteristic curve of 
another ND filter used in the first embodiment; 

Fig. 6 is a side view showing a second embodiment of the electronic imaging 
apparatus for microscopes according to the present invention; 

Figs. 7 A and 7B are sectional and plan views, respectively, showing a photo- 
graphic camera connecting adapter used in the second embodiment; 

Figs. 8A and 8B are sectional and plan views, respectively, showing the photo- 
graphic camera connecting adapter used in a third embodiment of the present inven- 
tion; 

Fig. 9 is a sectional view showing the photographic camera connecting adapter 
used in a fourth embodiment of the present invention; 

Fig. 10 is a diagram showing a spectral transmittance characteristic curve of an 
ND filter used in the photographic camera connecting adapter of Fig. 9; 

Fig. 11 is a diagram showing a spectral transmittance characteristic curve of 
another ND filter used in the photographic camera connecting adapter of Fig. 9; 

Fig. 12 is a diagram showing a spectral transmittance characteristic curve of an 
optical element used in the photographic camera connecting adapter of Fig. 9; 

Fig. 13 is a sectional view showing essential parts in a fifth embodiment of the 
electronic imaging apparatus for microscopes according to the present invention; 

Fig. 14 is a view for explaining a reduction of color variation caused by filters in 
the fifth embodiment; 

Fig. 15 is a diagram showing a spectral transmittance characteristic curve of IR 



cutoff filters used in the fifth embodiment; and 

Fig. 16 is a diagram showing a spectral transmittance characteristic curve of 
other IR cutoff filters used in the fifth embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First embodiment 

The first embodiment of the present invention will be described below. 

Before undertaking the description of the first embodiment, the function of the 
present invention will be explained. 

In front of a light-receiving section (namely on the light incidence side) of the 
electronic image sensor, a nearly plane-parallel glass plate is provided in order to 
protect the light-receiving section. Flare caused when the electronic imaging appa- 
ratus is connected to the microscope is chiefly attributed to this plane-parallel glass 
plate. This is because the reflectance of the surface of the plane-parallel glass plate 
is relatively high. Part of light incident on the light-receiving section is reflected by 
the plane-parallel glass plate. Reflected light is reflected again by lenses and other 
optical elements of a microscope optical system toward the electronic image sensor. 
This procedure is repeated a plurality of times and the so-called multiple reflection 
occurs. As a result, a great deal of spot-shaped flare (hereinafter called spot flare) 
is produced. 

In this case, if the reflectance of the surface of the plane-parallel glass plate is 
high, the amount of light (the light intensity) of the spot flare will be increased. The 
spot flare is therefore imaged together with an image. In particular, the shape of a 
lens surface is nearly planar in the proximity of the optical axis, in which bright spot 
flare is liable to occur. Thus, in the present invention, an optical element that has a 
preset transmittance with respect to light in a preset wavelength region is interposed 
between the microscope optical system and the electronic image sensor. An ND 
(neutral density) filter is suitable for this optical element. What follows is a de- 
scription of the ND filter cited as an example. 



The ND filter, as shown in Figs. 4 and 5 to be described later, refers to a filter 
which has almost the same transmittance in the visible region of wavelengths be- 
tween about 500 and 600 nm. 

In the above description, light undergoing multiple reflection passes through the 
ND filter over and over each time the light is reflected. Consequently, the amount 
of light undergoing multiple reflection is rapidly decreased, and the amount of light 
of the spot flare is relatively reduced with respect to the amount of light of the image. 
Finally, the difference of the amount of light between the image and the spot flare 
becomes considerably large, and hence the spot flare ceases to be visible. 

Specifically, according to the present invention, an effect equivalent to the case 
where the reflectance of the plane-parallel glass plate provided on the electronic im- 
age sensor is reduced can be brought about. Whereby, an electronic imaging appa- 
ratus in which little flare is produced can be provided at low cost. 

Moreover, the amount of light from the specimen is limited by the ND filter. 
Thus, a specimen that has too high a reflectance and transmittance for photography 
can now be photographed. 

ND filters are of two types: absorption and reflection. The ND filter of the ab- 
sorption type (color glass type), because of its fabrication process and properties of 
material, has impurities, such as bubbles or lumps, which remain in glass. In the 
electronic imaging apparatus of the present invention, the ND filter is located close 
to the light-receiving section (the imaging surface) of the electronic image sensor. 
As such, when the ND filter contains such impurities, there is the possibility that the 
impurities are imaged on a photographed image. 

It is thus desirable to use the ND filter of the reflection type in which glass with 
few impurity can be used as a substrate. By doing so, the problem that the impuriti- 
es are imaged on the image can be lessened. 

It is desirable that the ND filter is designed to be replaceable or movable in and 
out of the optical path. When the ND filter is removed from the optical path, a dark 
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specimen can be imaged as in a conventional way. When the ND filter is intro- 
duced into the optical path, a bright specimen which formerly has not been imaged 
can now be done. As mentioned above, the range of brightness in which an image 
can be formed (hereinafter called a brightness range) becomes wider than in the con- 
ventional way. This is favorable. 

In order to have a striking effect on flare elimination and the enlargement of the 
brightness range, it is desirable that the transmittance of the ND filter is 50 ± 10 % or 
less, preferably 25 ± 5 % or less. 

ND filters of the reflection type are of two types: metal film coat and interfer- 
ence film coat. The ND filter of the metal film coat type is less expensive than the 
ND filter of the interference film coat type, but is higher in surface reflectance than 
the ND filter of the interference film coat type. Conversely, the interference film 
coat type is more somewhat expensive than the metal film coat type, but is lower in 
surface reflectance than the metal film coat type. Thus, in view of the point that 
unnecessary reflection is not produced, it is desirable to choose the ND filter of the 
interference film coat type. 

As discussed above, comparison of the interference film coat type with the metal 
film coat type shows that the interference film coat type has much lower surface re- 
flection. In the interference film coat type, however, the surface reflection some- 
what occurs. The surface reflection is also responsible for flare. 

It is thus favorable that the coated surface of the ND filter is placed to tilt with 
respect to the optical axis. By doing so, flare attributable to the surface reflection of 
the coated surface can be reduced. In this case, it is desirable that the tilting angle 
of the coated surface is set so that light reflected by the coated surface arrives outside 
the effective imaging area of the image sensor. However, when the tilting angle is 
too large, space required for placing the ND filter becomes wide. Consequently, the 
electronic imaging apparatus cannot be designed to be compact. In addition, the 
requirements of the mount cannot be fulfilled. 



In the interference film coat type, the interference film is designed so that the 
optimum spectral transmittance characteristic is obtained with respect to a light ray at 
a particular angle of incidence (incident perpendicularly on the coated surface in 
most cases). As such, if the tilting angle is largely deviated from the particular an- 
gle, the optimum spectral transmittance characteristic cannot be obtained. 

Thus, in order to minimize the space for placing the ND filter and maintain the 
characteristic of the interference film relative to the angle of the incidence of the ray, 
it is good practice to place the ND filter so that the coated surface is tilted in the di- 
rection of the minor side of the effective imaging area. In this case, it is desirable 
that the tilting angle of the coated surface satisfies the following condition: 

2 x LI x tan 20 + LI x tan 49 > L2 / 2 (1) 
where LI is a distance extending along the optical axis from the coated surface of the 
ND filter to the light-receiving section of the electronic image sensor, L2 is the 
length of the minor side of the effective imaging area in the light-receiving section of 
the electronic image sensor, and 0 is an angle made by a reference axis with the coat- 
ed surface, where a direction perpendicular to the optical axis is assumed as the ref- 
erence axis. 

Condition (1) prescribes that light reflected by the ND filter to travel toward the 
electronic image sensor arrives only once at the light-receiving section of the elec- 
tronic image sensor. With reference to Fig. 2, a description will be given of this 
point. 

Light from the specimen passes through an ND filter F and reaches a light- 
receiving section IM of the electronic image sensor. Part of the light having 
reached this section (on-axis light, here) is reflected by the surface of a plane-parallel 
glass P provided ahead of the light-receiving section IM (a ray <£). Subsequently, 
the ray ® is incident on the coated surface (the surface coated with the interference 
film) of the ND filter. Here, when a direction perpendicular to the optical axis (or a 
direction parallel to the light-receiving surface of the light-receiving section IM) is 



assumed as a reference axis, the ND filter F is placed so that the coated surface is 
tilted by the angle 0 with respect to the reference axis. That is, the coated surface of 
the ND filter is not parallel to the surface of the plane-parallel glass P. Conse- 
quently, the light (the ray ®) incident on the coated surface is reflected at an angle 
of 26 with the optical axis toward the light-receiving section IM (a ray ©). 

The ray © traveling toward the light-receiving section IM, after being reflected 
by the surface of the plane-parallel glass P, is directed again toward the ND filter F (a 
ray ®). However, the coated surface, as mentioned above, is tilted with respect to 
the reference axis. Hence, the ray ® is reflected at a larger angle than the ray ® 
and travels toward the light-receiving section IM (a ray ®). As a result, the ray ® 
traveling toward the light-receiving section IM passes through the outside of the ef- 
fective imaging area of the light-receiving section IM. Of rays thus incident on the 
light-receiving section IM, only the ray ® is reflected by the coated surface of the 
ND filter F to reach the light-receiving section IM. 

As discussed above, when the tilting angle satisfies the above condition, the 
light (the on-axis light) reflected by the ND filter arrives only once at the light- 
receiving section of the electronic image sensor. Furthermore, the coated surface of 
the ND filter requires a small tilting angle. Therefore, the production of flare is 
kept to a minimum and the space for placing the ND filter can be reduced. Since 
the tilting angle can be made small, the spectral transmittance characteristic of the 
ND filter can be made nearly equal to that of the ND filter which is not tilted. 

If the tilting angle fails to satisfy the condition, light (on-axis light) reflected by 
the coated surface of the ND filter to reach the electronic image sensor will be pro- 
duced at least twice. Consequently, a great deal of flare is produced, which is unfa- 
vorable. 

The following condition approximating Condition (1) can also be used: 

2xLl xtan40>L2/2 (1') 
It is further desirable to satisfy the following condition: 
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LI x tan 20 > L2/2 (2) 
When Condition (2) is satisfied, light traveling from the coated surface of the 
ND filter toward the electronic image sensor, namely the ray © of Fig. 2, never 
reaches the light-receiving section of the electronic image sensor. The production 
of flare can thus be suppressed. Also, the above condition is suitable for the case 
where there is sufficient space for placing the ND filter. 

The ND filter can also be used as dustproof glass. As stated above, the plane- 
parallel glass is provided ahead of the light-receiving section of the electronic image 
sensor. The plane-parallel glass is located closer to the image position (the light- 
receiving surface) than the ND filter. Therefore, if dust particles and flaws exist on 
the plane-parallel glass, a problem will arise because they are imaged together with 
the image. The placement of the ND filter, however, prevents the adhesion of dust 
particles and damage to the plane-parallel glass provided in the light-receiving sec- 
tion. 

In the metal film coat type and the interference film coat type, the ND coats can 
be applied on the surfaces of other optical elements. Thus, from the viewpoint that 
the number of parts is not increased, such coat types are favorable. 

In an ordinary electronic image sensor, the dustproof glass, the low-pass filter, 
the IR cutoff filter, and the plane-parallel glass of the light-receiving section are used 
as optical elements to which the ND coats are applicable. Thus, it is only necessary 
that the ND coat of the metal film coat type or the interference film coat type is ap- 
plied to at least one of these optical elements. 

Some of particular electronic imaging apparatuses have the systems that the 
electronic image sensor and the image are relatively moved and special image proc- 
essing is used, thereby improving substantial resolution of the electronic image sen- 
sor. In this case, since the low-pass filter is not essentially placed, the optical ele- 
ments to which the ND coats are applicable are the dustproof glass, the IR cutoff 
filter, and the plane-parallel glass of the light-receiving section. 



Thus, it is only necessary that the ND coat of the metal film coat type or the in- 
terference film coat type is applied to at least one of these optical elements. 

It is desirable that the ND filter is located as far away from the light-receiving 
section as possible. By doing so, even though flaws and adhering dust particles are 
imaged, their images can be rendered almost invisible. 

Subsequently, the first embodiment will be described with reference to Figs. 3, 4, 
and 5. 

Fig. 3 shows essential parts in the first embodiment of the electronic imaging 
apparatus for microscopes according to the present invention. The electronic 
imaging apparatus of this embodiment includes a body section 1 , a mount section 2 
connected to the body section 1 , and an ND filter 3 designed as an attenuation filter 
provided in the mount section 2. The body section 1 has a CCD 4 as the electronic 
image sensor. One surface of the mount section 2 comes in contact with the surface 
of the body section 1 and both are fixed by screws. The opposite surface is provid- 
ed with a C mount as a connecting section for being connected to an optical appara- 
tus such as a microscope. 

The ND filter 3 is the optical element that transmits light in a preset wavelength 
region, of light incident from the optical apparatus, in accordance with a preset 
transmittance. Also, in Fig. 3, reference numeral 5 denotes a low-pass filter to 
which an IR cutoff coat is applied and 6 denotes an optical axis. 

In the first embodiment, the ND filter 3 is such that the ND coat of the interfer- 
ence film type is applied to the plane-parallel glass. When a direction perpendicular 
to the optical axis 6 is assumed as a reference axis, the ND filter 3 is located at the 
tilting angle of 9 = 2° with the reference axis. The coated surface of the ND filter 3 
is, of course, located at the tilting angle of 0 = 2°. A tilting direction is a direction 
followed along the minor side of a light-receiving surface 4a. The distance LI ex- 
tending along the optical axis 6 from a surface 3a of the ND filter 3 to the light- 
receiving surface 4a of the CCD 4 is 13 mm. The length L2 of the minor side of the 
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effective imaging area in the CCD 4 is 6.6 mm. The transmittance of the ND filter 
3 is 50 ± 10 % in the wavelength range from 500 to 600 nm. Here, the spectral 
transmittance characteristic curve of the ND filter 3 is shown in Fig. 4. 

Also, the first embodiment, which satisfies Condition (1), fails to satisfy Condi- 
tion (2). In order to satisfy Condition (2), the ND filter 3 must be tilted by at least 
7.2°. 

In the first embodiment, the ND filter 3 is placed so that the ND coated surface 

3 a is situated on the opposite side (the optical apparatus side) of the light-receiving 
surface 4a. Whereby, a high-reflectance coated surface can be isolated from the 
light-receiving surface 4a. 

The ND filter 3 is designed to be movable in and out of the optical path. In the 
first embodiment, the mount section 2 is attached to the body section 1 by screws. 
Thus, by removing the screws, the ND filter 3 can be replaced with an ND filter 3' 
that has spectral transmittance characteristics different from those of the ND filter 3. 
For example, instead of the ND filter 3, the ND filter 3* whose transmittance is 25 ± 
5 % in the wavelength range from 500 to 600 nm may be used. The spectral trans- 
mittance characteristic curve of the ND filter 3' is shown in Fig. 5. 

Also, even when the ND filter 3 is replaced with the ND filter 3', the distance LI 
extending along the optical axis 6 from a surface 3 'a of the ND filter 3' to the light- 
receiving surface 4a of the CCD 4, the tilting angle 0, and the tilting direction are 
almost the same as in the ND filter 3. 

The electronic imaging apparatus of the first embodiment constructed as men- 
tioned above, when photographing the specimen, is connected to the microscope, 
such as that shown in Fig. 1 , through the mount section 2. According to the first 
embodiment, light from the specimen through the microscope is first attenuated by 
the ND filter 3. Attenuated light reaches the light-receiving section 4a of the CCD 

4 to form the image of the specimen. In this case, part of the light having reached 
the light-receiving section 4a is reflected by a plane-parallel glass (a protection glass 
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protecting the light-receiving section 4a) provided ahead of the light-receiving sec- 
tion 4a and is returned to the microscope optical system. This reflected light, which 
repeats multiple reflection between the plane-parallel glass and the microscope opti- 
cal system, passes through the ND filter 3 over and over each time the reflection is 
repeated. Hence, the light undergoing the multiple reflection, namely flare light, is 
rapidly attenuated, and a difference in the amount of light between the image and the 
flare light becomes considerable. Consequently, the spot flare ceases to be rela- 
tively visible. In particular, when a high-reflectance specimen is photographed, 
light from the specimen is bright and thus a marked effect is brought about by the 
ND filter. 

The ND filter 3 is coated with the interference film. Thus, there is little possi- 
bility that, like the ND filter of the absorption type, bubbles and lumps are images on 
the photographed image. 

In the electronic imaging apparatus of the first embodiment, the ND filter is 
obliquely placed with a relative relationship of arrangement mentioned above in re- 
spect of the light-receiving surface 4a of the CCD 4. Whereby, light reflected by 
the ND coated surface arrives once or less at the light-receiving section, and the pro- 
duction of flare can be suppressed. Moreover, since the ND filter 3 is tilted in the 
direction of the minor side of the effective imaging area of the CCD 4, a small tilting 
angle is enough and the space for placing the ND filter can be minimized. 

Since the first embodiment is constructed so that the ND filter 3 and the ND fil- 
ter 3 f are movable in and out of the optical path and are replaceable, the ND filter 3 
or 3' with different transmittance characteristics is used in accordance with the 
brightness of the specimen, and thereby a specimen with brightness in a wider range 
can be imaged. 

Also, although in the first embodiment the IR cutoff coat is applied to the low- 
pass filter, a low-pass filter to which the IR cutoff coat is not applied is sometimes 
used. In this case, it is only necessary that, instead of the ND filter, the IR cutoff 
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filter is placed in the same way. At this time, it is good practice to apply the ND 
coat to a surface opposite to the surface to which the IR cutoff coat is applied. 

In the first embodiment, the plane-parallel glass P is thought of as being des- 
igned so that an antireflection coat is not applied. However, when the antireflection 
coat is applied, a considerable effect of suppressing the production of flare is ob- 
tained. As such, when the plane-parallel glass to which the antireflection coat is 
applied is combined with the ND filter, the production of flare can be further sup- 
pressed. 

It is expected that the application of the antireflection coat increases the cost of 
the electronic image sensor. However, the ND filter can be eliminated as the case 
may be. In this instance, there is the possibility that an increase in cost due to the 
application of the antireflection coat is neutralized by the elimination of the ND filter. 
In addition, by the elimination of the ND filter, the compact design and cost reduc- 
tion of the entire electronic imaging apparatus can be afforded. 

The effect of tilting the optical element to reduce flare caused by its surface re- 
flection is beneficially brought about not only by the ND filter, but also by all optical 
elements (including the IR cutoff filter and a light-receiving surface protecting glass 
expected in the future) in the camera placed ahead of the light-receiving surface. 
Thus, Condition (1) or (2) may be applied to all optical elements in the camera 
placed ahead of the light-receiving surface. 
Second embodiment 

The second embodiment will be described with reference to Figs. 6, 7A, and 7B. 

In the second embodiment, the ND filter is placed as anti-flare member sup- 
pressing the production of flare in a microscope photographic camera connecting 
adapter. Specifically, as shown in Fig. 6, the microscope photographic camera con- 
necting adapter is placed to be mountable and dismountable between a microscope 
28 and a television (TV) camera 29. 

Figs. 7A and 7B illustrate the microscope photographic camera connecting 
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adapter according to the second embodiment. An adapter body 30 has a dovetail 32 
attached to be mountable and dismountable to the microscope 28. 

At the middle of an optical path 31 of the adapter body 30 5 a filter mounting step 
311 is configured at a preset tilting angle with an imaging optical axis X'. For ex- 
ample, an attenuation filter 33, such as the ND filter, is mounted to the step 311, by 
means of a cap ring 34, at the preset tilting angle with the imaging optical axis X'. 
Along the optical path 3 1 of the adapter body 30, a lens mounting portion 312 is con- 
figured behind the step 311 so that a projection lens 35 is mounted to the lens 
mounting portion 3 12 by means of a cap ring 36. 

In the adapter body 30, a concave guide 37 for parfocality adjustment is config- 
ured on the opposite side of the dovetail 32, and an adjusting screw 371 is provided 
at the top of the guide. A screw 381 of a mount member 38, called the C mount, is 
adjustably engaged with the adjusting screw 371. The adjusting range of this screw 
correspond to a parfocality adjusting range L. 

The mount member 38 is provided with a camera mounting portion 382 at the 
top, and the TV camera 29 is mounted and dismounted with respect to the camera 
mounting portion 382. 

The adapter body 30 is configured with a mount positioning screw hole 39 per- 
pendicular to the imaging optical axis X', and a clamp screw 40 is threaded into the 
screw hole 39. The clamp screw 40 is such that its top is pressed against a concav- 
ity (not shown) configured on the periphery of the mount member 38, which can be 
positioned along the imaging optical axis X\ 

In the structure mentioned above, the dovetail 32 is fitted into a dovetail groove 
(not shown) of a lens barrel 15 to mount the adapter body 30 to the lens barrel 15, 
and a mounting portion (not shown) of the TV camera 29 is attached to the camera 
mounting portion 382 of the mount member 38. In this case, the clamp screw 40 is 
loosened, and the engagement of the screw 381 of the mount member 38 with the 
adjusting screw 371 of the adapter body 30 is adjusted to make the parfocality ad- 
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justment of the TV camera 29. When this adjustment is completed, the clamp 
screw 40 is tightened so that its top is pressed against the concavity (not shown) on 
the periphery of the mount member 38, and the adapter body 30 and the mount 
member 38 are mutually positioned. 

The image of the specimen is conducted to the optical path 3 1 of the adapter 
body 30 from the imaging optical axis X'. The image conducted to the adapter body 
30, after being attenuated by the attenuation filter 33, is projected on an image sensor 
60 of the TV camera 29 through the projection lens 35, and observation image data 
are acquired. The observation image data are automatically controlled, for example, 
by an auto gain control function, and are displayed on a monitor. 

In this case, of light incident on and reflected by the specimen, reflected light 
from the surface of the image sensor 60 is transmitted again and attenuated through 
the attenuation filter 33 and is reflected toward the microscope 28. The reflected 
light reflected by the surface of a prism in the microscope 28 is transmitted again 
attenuated through the attenuation filter 33 and is conducted to the image sensor 60 
through the projection lens 35. In this way, the reflected light passes through the 
attenuation filter over and over and is attenuated, and thereby an observation image 
of high quality is displayed on a monitor (not shown) so that observation with a high 
degree of accuracy can be carried out. 

Here, since reflection occurs even at the surface of the attenuation filter 33, the 
attenuation filter 33 is placed to tilt with respect to the imaging optical axis X', there- 
by lessening the influence of reflection on the observation image. 

For example, when the ND filter with a spectral transmittance of 50 % is used as 
the attenuation filter 33, light incident from the observation optical axis X f is attenu- 
ated to 1/2 by the attenuation filter and enters the image sensor 60 through the pro- 
jection lens 35. Here, the light-receiving sensitivity range of the image sensor 60 is 
much wider than that of the human's eye, and the observation image data are auto- 
matically controlled, for example, by the auto gain control function, and are display- 
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ed on the monitor (not shown). Thus, there is little influence on the observation 
image. 

In this observation state, reflected light from the surface of the image sensor 60 
travels along the imaging optical axis X' in a reverse direction, and after being 
transmitted through the attenuation filter 33, is conducted toward the microscope 28. 
The light is reflected by the surface of the prism in the microscope 28 and is trans- 
mitted again through the attenuation filter 33 to enter the image sensor 60. This 
reflected light is transmitted twice through the attenuation filter 33 and thus is at- 
tenuated to 1/4 of the original amount of light. 

In the use of the TV camera 29 where the light-receiving sensitivity range is nar- 
row, when a monitor image is dark, the attenuation filter 33 of the adapter body 30 is 
replaced with the one of the optimum spectral transmittance to obtain the observation 
image. 

In accordance with the imaging performance of the TV camera 29 attached to 
the camera mounting portion 382 of the mount member 38, the attenuation filter may 
be separated from the adapter body 30 to make observations. In this case, the clamp 
screw 40 threaded into the screw hole 39 of the adapter body 30 is loosened and the 
mount member 38 is turned and is moved and adjusted along the imaging optical axis 
X'. Thus, the adjustment of the optical path length (the parfocality adjustment) is 
made so that a desired observation image can be acquired. 

As mentioned above, the microscope photographic camera connecting adapter is 
constructed so that the attenuation filter 33 is incorporated and placed to make a pre- 
set tilting angle with the imaging optical axis X' in the adapter body 30, and reflected 
light from the surface of the image sensor 60 is effectively attenuated by the attenua- 
tion filter 33. 

According to the above description, the phenomenon of the spot flare caused by 
the reflected light from the surface of the image sensor 60 can be prevented and the 
observation image with a high degree of accuracy is easily acquired without under- 



16 



going the influence of properties of the image sensor 60 of the TV camera 29, so that 
observation accuracy can be improved. Whereby, it becomes possible that an ob- 
server sets the TV camera 29 at will to acquire the observation image with a high 
degree of accuracy. As a result, a wide variety of applications of microscopes can 
be expected. 
Third embodiment 

The third embodiment will be described with reference to Figs. 8A and 8B. It 
is also possible that the attenuation filter is constructed as shown in Figs. 8 A and 8B. 
In Figs. 8 A and 8B. like numerals are used for like members and parts with respect to 
Figs. 7A and 7B and their explanation is omitted. 

In the adapter body 30, a through hole 301 for guide is provided, at its middle, in 
a direction perpendicular to the optical path 31, that is, in the direction of an arrow A 
or B (in a direction perpendicular to the imaging optical axis X'). A slide member 
41 mounting the attenuation filters is movably fitted into the through hole 301. In 
the slide member 41, a first opening 42, a second opening 43, and a third opening 44, 
corresponding to the optical path 31 of the adapter body 30, are configured at preset 
intervals. 

The first and second openings 42 and 43 are provided with steps 421 and 431, 
respectively, constituting filter sections, each at a preset tilting angle with the imag- 
ing optical axis X'. In the steps 421 and 43 1, a first attenuation filter 45 and a second 
attenuation filter 46, such as the ND filters, for example, of different spectral trans- 
mittances, are mounted by means of cap rings 47 and 48, respectively, making preset 
tilting angles with the imaging optical axis X'. As the first and second attenuation 
filters 45 and 46, the ones with different spectral transmittances, for example, of 
50 % and 25 % are used. 

In the above structure, when the specimen is observed, the slide member 41 is 
moved in the direction of the arrow A or B so that one of the first, second, and third 
openings 42, 43, and 44 is selectively introduced into the optical path 31 of the 
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adapter body 30. In a state where either of the first opening 42 or the second open- 
ing 43 is introduced into the optical path 31 of the adapter body 30, reflected light is 
attenuated in accordance with the spectral transmittance of the first attenuation filter 
45 or the second attenuation filter 46. In a state where the third opening 44 is intro- 
duced into the optical path 31 of the adapter body 30, no filter is used and an obser- 
vation image in which reflected light is not attenuated is obtained. 

Also, the embodiment described with reference to Figs. 8A and 8B is construct- 
ed so that the slide member 41 is placed to be movable in the direction of the arrow 
A or B with respect to the optical path 31 of the adapter body 30. However, the 
embodiment is not limited to this structure, and it is also possible to have a so-called 
turret structure in which a plurality of filter sections are arranged on a disk-shaped 
turret member at preset intervals with respect to the optical path 3 1 of the adapter 
body 30 and the turret member is turned so that each of the filter sections or openings 
is introduced into the optical path 3 1 of the adapter body 30. 

In the above description, reference has been made to the structure in which the 
attenuation filter 33 and the first and second attenuation filters 45 and 46 are used as 
the optical elements. However, the optical elements are not limited to such filters, 
but the one, such as the IR cutoff filter, can be used. 
Fourth embodiment 

The fourth embodiment will be described with reference to Fig. 9. Even when 
the adapter is constructed as shown in Fig. 9, nearly the same effect is expected. 

As shown in Fig. 9, an adapter body 50 is provided with an optical path 501 cor- 
responding to the imaging optical axis X' of the microscope 28 (refer to Fig. 6). At 
one end of the adapter body 50, a mount section 502 for mounting the camera is 
provided outside the end with respect to the mounting portion of the TV camera 29 
(refer to Fig. 6), and a first housing section 51 which is annular is provided inside the 
end. 

A screw 5 1 1 is provided on the inner wall of the first housing section 5 1 and is 
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engaged with a screw (not shown) provided on the outer wall of an element support- 
ing frame 52 so that the element supporting frame 52 is removably threaded into the 
first housing section 51. The element supporting frame 52 is mounted with an ND 
filter 49 which is the optical element making at a preset tilting angle with the optical 
axis. 

The element supporting frame 52 can be constructed to be movable in and out of 
the first housing section 5 1 not only by the engagement with the screw of the first 
housing section 51, but also by fitting the frame 52 into the first housing section 51 
in such a way that it is dropped thereinto. 

At the other end of the adapter body 50, a dovetail 503 for mounting the lens 
barrel is provided outside the end, and a second housing section 53 is configured 
inside the end. A lens supporting frame 54 holding a projection lens unit 541 is 
inserted into the second housing section 53. The lens supporting frame 54 is 
provided with a plurality of positioning concavities (not shown) at preset intervals on 
its peripheral surface. 

In the adapter body 50, a plurality of positioning screw holes 504 are provided 
opposite to the above concavities (not shown) of the lens supporting frame 54 and a 
clamp screw 55 is threaded into each of the screw holes 504. The clamp screw 55 
is provided with a fitting portion 551 at its top so that the clamp screw 55 is moved 
back and forth in the screw hole 504 and thereby the fitting portion 551 is selectively 
engaged with one of the concavities (not shown) of the lens supporting frame 54. 
In a state where the fitting portion 551 of the clamp screw 55 is engaged, the lens 
supporting frame 54 is located at a desired position in the second housing section 53 
of the adapter body 50. 

By the above construction, the dovetail 503 of the adapter body 50 is fitted into 
the dovetail groove (not shown) of the lens barrel 1 5 (see Fig. 6) of the microscope 
and the TV camera 29 is mounted to the mount section 502. Whereby, the TV cam- 
era 29 is connected to the lens barrel 15. In this case, the clamp screw 55 is re- 



19 



leased and the parfocality adjustment of the TV camera 29 mounted to the mount 
section 501 is made. When this adjustment is completed, the clamp screw 55 is 
tightened and mutual positioning is performed. 

In the fourth embodiment, by incorporating and placing the element supporting 
frame 52 in the first housing section 51 of the adapter body 50 on the side of the TV 
camera 29, the inserting and removing operation of the element supporting frame 52 
can be facilitated and its handling becomes easy. Moreover, since the ND filter 49 
is not placed at an intermediate imaging position, the effect of becoming hard to un- 
dergo the influences of dust and flaws is brought about. 

In the fourth embodiment, since the ND filter 49 is interposed between the lens 
supporting frame 54 for arranging the projection lens unit 541 and the TV camera 29, 
the diameter of the ND filter 49 can be set to a minimum and the effect of facilitating 
compactness is obtained. 

The fourth embodiment, similar to the third embodiment of Figs. 8A and 8B, 
can also be constructed so that a filter switching mechanism in which a plurality of 
ND filters 49 with different spectral characteristics are arranged side by side is 
mounted and one of the ND filters is selectively placed on the optical axis. 

Here, in the fourth embodiment, the ND filter 49 is designed to use the plane- 
parallel glass to which the ND coat of the interference film type is applied. When 
the direction perpendicular to the optical axis X' is assumed as the reference axis, the 
ND filter 49 is placed to tilt at the tilting angle of Q = 2° with respect to the reference 
axis. A coated surface 49a of the ND filter 49 is, of course, placed at the tilting 
angle of 0 = 2° with the reference axis. The tilting direction is a direction followed 
along the minor side of a light-receiving surface 60a. The distance LI extending 
along the optical axis X' from the coated surface 49a of the ND filter 49 to the light- 
receiving surface 60a of the image sensor 60 is 13 mm. The length L2 of the minor 
side of the effective imaging area in the image sensor 60 is 6.6 mm. 

The spectral transmittance of the ND filter 49 is 50 ± 10 % in the wavelength 
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range from 500 to 600 nm. Here, the spectral transmittance characteristic curve of 
the ND filter 49 is shown in Fig. 10. 

Also, the fourth embodiment, which satisfies Condition (1), fails to satisfy Con- 
dition (2). In order to satisfy Condition (2), the ND filter 49 must be tilted by at 
least 7.2°. 

In the fourth embodiment, the ND filter 49 is placed so that the coated surface 
49a is situated on the opposite side (the optical apparatus side) of the light-receiving 
surface 60a. Whereby, a high-reflectance coated surface 49a can be isolated from 
the light-receiving surface 60a. 

The ND filter 49 is designed to be movable in and out of the optical path. In 
the fourth embodiment, the element supporting frame 52 is mounted in the first 
housing section 51 of the adapter body 50. Thus, by removing the element sup- 
porting frame 52, the ND filter 49 can be replaced with the one of different spectral 
transmittance characteristics. 

For example, instead of the ND filter 49, an ND filter 49' (not shown) whose 
transmittance is 25 ± 5 % in the wavelength range from 500 to 600 nm may be used. 
The spectral transmittance characteristic curve of the ND filter 49' is shown in Fig. 
11. 

Also, even when the ND filter 49 is replaced with the ND filter 49', the distance 
LI extending along the optical axis X f from a coated surface 49'a to the light- 
receiving surface 60a of the image sensor 60, the tilting angle 9, and the tilting direc- 
tion are almost the same as in the ND filter 49. 

The electronic imaging apparatus of the fourth embodiment constructed as men- 
tioned above, for example, when photographing the specimen, is connected to the 
microscope 28, such as that shown in Fig. 6, through the mount section 502. Ac- 
cording to the fourth embodiment, light from the specimen through the microscope 
28 is first attenuated by the ND filter 49 (49'). Attenuated light reaches the light- 
receiving surface 60a of the image sensor 60 to form the image of the specimen. In 
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this case, part of the light having reached the light-receiving surface 60a is reflected 
by a plane-parallel glass (a protection glass protecting the light-receiving surface 
60a) provided ahead of the light-receiving surface 60a and is returned to the micro- 
scope optical system. This reflected light, which repeats multiple reflection be- 
tween the plane-parallel glass and the microscope optical system, passes through the 
ND filter 49 (49') over and over each time the reflection is repeated. Hence, the 
light undergoing the multiple reflection, namely flare light, is rapidly attenuated, and 
a difference in the amount of light between the image and the flare light becomes 
considerable. Consequently, the spot flare ceases to be relatively visible. In par- 
ticular, when a high-reflectance specimen is photographed, light from the specimen 
is bright and thus a marked effect is brought about by the ND filter 49 (49'). 

The ND filter 49 (49') is coated with the interference film. Thus, there is little 
possibility that, like the ND filter of the absorption type, bubbles and lumps are im- 
aged on the photographed image. 

In the fourth embodiment, the ND filter 49 (49') is obliquely placed with a rela- 
tive relationship of arrangement mentioned above in respect of the light-receiving 
surface 60a of the image sensor 60. Whereby, light reflected by the coated surface 
49a (49a') arrives once or less at the light-receiving surface, and the production of 
flare can be suppressed. Moreover, since the ND filter 49 (49') is tilted in the direc- 
tion of the minor side of the effective imaging area of the image sensor 60, a small 
tilting angle is enough and the space for placing the ND filter 49 (49') can be mini- 
mized. 

Since the electronic imaging apparatus is constructed so that the ND filter 49 
and the ND filter 49' are movable in and out of the optical path and are replaceable, 
the ND filter 49 or 49 f with different transmittance characteristics is used in accor- 
dance with the brightness of the specimen, and thereby a specimen with brightness in 
a wider range can be imaged. 

Also, although in the fourth embodiment the IR cutoff coat is applied to the low- 
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pass filter, a low-pass filter to which the IR cutoff coat is not applied is sometimes 
used. In this case, it is only necessary that, instead of the ND filter 49 (49 f )> the IR 
cutoff filter is placed in the same way. At this time, it is good practice to apply the 
ND coat to a surface opposite to the surface to which the IR cutoff coat is applied. 

For example, as an optical element replacing the ND filter 49 (49*), as shown in 
Fig. 12, a filter with spectral transmittance characteristics that a half- width wave- 
length Xc satisfies the condition, 390 nm < Xc < 440 nm, may be used in accordance 
with its practical application. 

In the fourth embodiment, the plane-parallel glass P (see Fig. 2) is thought of as 
being designed so that the antireflection coat is not applied. However, when the 
antireflection coat is applied, a considerable effect of suppressing the production of 
flare is obtained. As such, when the plane-parallel glass to which the antireflection 
coat is applied is combined with the ND filter, the production of spot flare can be 
further suppressed. 

It is expected that the application of the antireflection coat increases the cost of 
the image sensor. However, the ND filter can be eliminated as the case may be. In 
this instance, there is the possibility that an increase in cost due to the application of 
the antireflection coat is neutralized by the elimination of the ND filter. In addition, 
by the elimination of the ND filter, a compact design and cost reduction can be af- 
forded. 

The effect of tilting the optical element to reduce spot flare caused by its surface 
reflection is beneficially brought about not only by the ND filter, but also by all opti- 
cal elements (including the IR cutoff filter and a light-receiving surface protecting 
glass expected in the future) in the camera placed ahead of the light-receiving surface. 
Thus, Condition (1) or (2) may be applied to all optical elements in the camera 
placed ahead of the light-receiving surface. 

Also, although in the fourth embodiment the TV camera 29 is used as the photo- 
graphic camera, the photographic camera is not limited to the TV camera, and a 
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digital camera can also be used. 

Further, in the fourth embodiment, an upright microscope is applied, but the mi- 
croscope is not limited to the upright microscope, and an inverted microscope is also 
applicable and has almost the same effect. 
Fifth embodiment 

The fifth embodiment will be described with reference to Figs. 13 and 14. This 
embodiment uses the IR cutoff filter as the attenuation filter. 

Before undertaking the description of the fifth embodiment, the function of the 
present invention will be explained. 

When two IR cutoff filters with almost identical spectral characteristics are used, 
they are arranged to have the shape of the letter V with respect to the optical axis. 
Whereby, a microscope digital camera with high color reproducibility can be realized 
in which flare light caused by the surface reflection of the filter is reduced and it is 
hard to produce color variation with respect to an incident light beam at any angle. 

Also, the two IR cutoff filters are arranged to have the shape of the letter V in a 
plane in the same direction as the minor side of the image sensor (the CCD), of a 
plane including the optical axis. 

In front of a light-receiving section (namely on the light incidence side) of the 
electronic image sensor, a nearly plane-parallel glass plate is provided in order to 
protect the light-receiving section. Flare caused when the electronic imaging appa- 
ratus is connected to the microscope is chiefly attributed to this nearly plane-parallel 
glass plate and the light-receiving surface. 

This is because the reflectances of the surface of the nearly plane-parallel glass 
plate and the light-receiving surface are relatively high. Part of light incident on the 
light-receiving section is reflected by the surface of the nearly plane-parallel glass 
plate and the light-receiving surface. Reflected light is reflected again by lenses 
and other optical elements of the microscope optical system toward the electronic 
image sensor. This procedure is repeated a plurality of times and the so-called mul- 
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tiple reflection occurs. As a result, the spot flare is produced. 

In this case, if the reflectance of the surface of the plane-parallel glass plate is 
high, the amount of light (the light intensity) of the spot flare will be increased. The 
spot flare is therefore imaged together with an image. In particular, bright spot flare 
is liable to occur in the proximity of the optical axis. 

Generally, in the electronic imaging apparatus, the IR cutoff filter is placed 
ahead of the electronic image sensor in order to approach the spectral sensitivity 
characteristics of the human's eye. IR cutoff filters are of two types: absorption 
(color glass) and interference film coat. The interference film coat type has a steep- 
er spectral characteristic curve than the absorption type and thus excels in color re- 
producibility, but is somewhat higher in surface reflectance. 

It is thus desirable that the coated surface of the IR cutoff filter is placed to tilt 
with respect to the optical axis. By doing so, it is possible to reduce flare produced 
when light reflected by the surface of the plane-parallel glass plate and the light- 
receiving surface further undergoes multiple reflection between the plane-parallel 
glass plate the coated surface of the IR cutoff filter. In this case, it is desirable that 
the tilting angle of the coated surface is set so that light reflected by the coated sur- 
face arrives outside the effective imaging area of the electronic image sensor. How- 
ever, when the tilting angle is too large, space required for placing the IR cutoff filter 
becomes wide. Consequently, the electronic imaging apparatus cannot be designed 
to be compact. In addition, the requirements of the mount cannot be fulfilled. 

In the interference film coat type, the interference film is designed so that the 
optimum spectral transmittance characteristic is obtained with respect to a light ray at 
a particular angle of incidence (incident perpendicularly on the coated surface in 
most cases). As such, if the tilting angle is largely deviated from the particular an- 
gle, the optimum spectral transmittance characteristic cannot be obtained. 

Thus, in order to minimize the space for placing the IR cutoff filter and maintain 
the characteristics of the interference film relative to the angle of incidence of the ray, 
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it is desirable to place the IR cutoff filter so that the coated surface is tilted in the 
direction of the minor side of the effective imaging area. When a multiple coat is 
applied to a surface opposite to an interference film coated surface, the intensity of 
surface reflected light can be lowered. 

In this case, it is desirable that the tilting angle of the coated surface satisfies 
Condition (1). When Condition (1) is satisfied, light (on-axis light) reflected by the 
IR cutoff filter arrives only once at the light-receiving section of the electronic image 
sensor. Furthermore, (the coated surface of) the IR cutoff filter requires a small 
tilting angle. Therefore, the production of flare is kept to a minimum and the space 
for placing the IR cutoff filter can be reduced. Since the tilting angle can be made 
small, the spectral transmittance characteristics of the IR cutoff filter can be made 
nearly equal to those of the IR cutoff filter which is not tilted. 

If the tilting angle fails to satisfy Condition (1), light (on-axis light) reflected by 
the coated surface of the IR cutoff filter to reach the electronic image sensor will be 
produced at least twice. Consequently, a great deal of flare is produced, which is 
unfavorable. 

Also, the fifth embodiment may be designed to satisfy Condition (T) of the first 
embodiment approximating Condition (1). It is further desirable to satisfy Condi- 
tion (2) of the first embodiment. 

Condition (1) is suitable for the case where there is sufficient space for placing 
the IR cutoff filter. 

The IR cutoff filter can also be used as dustproof glass for preventing the adhe- 
sion of dust particles and damage to the light-receiving surface. As stated above, 
the plane-parallel glass is provided ahead of the light-receiving section of the elec- 
tronic image sensor. The plane-parallel glass is located closer to the image position 
(the light-receiving surface) than the IR cutoff filter. Therefore, if dust particles and 
flaws exist on the plane-parallel glass, a problem will arise because they are imaged 
together with the image. 
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The placement of the IR cutoff filter, however, prevents the adhesion of dust 
particles and damage to the plane-parallel glass provided in the light-receiving sec- 
tion. 

As the IR cutoff filter is located far away from the light-receiving surface, a 
dustproof effect is heightened and imaging of flaws and adhered dust particles of the 
IR cutoff filter is reduced. In general, an IR cutoff coated surface in which the 
number of film layers is much greater than that of the multiple coat is liable to pro- 
duce pinholes which are film defects. As such, it is particularly favorable that an IR 
cutoff filter Fl closer to the CCD is located so that the IR cutoff coated surface is 
farther away from the CCD than the multiple coated surface because imaging of the 
film defects is reduced. 

As mentioned above, when the IR cutoff filter closer to the electronic image 
sensor is obliquely placed, flare light can be reduced. However, when the filter is 
placed to tilt in the direction of the minor side of the electronic image sensor (the 
CCD), the difference of the angle of incidence of light on the filter arises between the 
upper and lower sides of the image and thus the spectral characteristic curve becomes 
asymmetrical. In the worst case, there is the fear of producing the phenomenon of 
color variation that coloring on the upper side of the photographed image is different 
from that on the lower side. 

Thus, in the electronic imaging apparatus of the present invention, it is desirable 
that, of the two optical elements (IR cutoff filters), a connection-side optical element 
is placed so that an angle made by a reference axis, where the direction perpendicular 
to the optical axis is assumed as the reference axis, with a sensor-side surface of the 
connection-side optical element practically coincides with an angle multiplying a 
negative sign by an angle made by the reference axis with a connection-side surface 
of a sensor-side optical element. 

For example, as illustrated in Fig. 14, a connection-side IR cutoff filter F2 and a 
sensor-side IR cutoff filter Fl are placed to tilt symmetrically about an axis perpen- 
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dicular to the optical axis (in Fig. 14, an angle made by the axis perpendicular to the 
optical axis with the IR cutoff filter F2 is -6 and an angle made by the axis with the 
IR cutoff filter Fl is 9). By doing so, the production of color variation caused when 
the sensor-side IR cutoff filter is obliquely placed to eliminate flare is neutralized by 
the connection-side IR cutoff filter and can be reduced. 

As shown in Fig. 13, the electronic imaging apparatus of the fifth embodiment 
includes a body section 101, a mount section 102 connected to the body section 101, 
and IR cutoff filters 103, and 103 2 provided in the mount section 102. The body 
section 101 has a CCD 104 as the electronic image sensor. In the mount section 

102, one surface comes in contact with the surface of the body section 101 and is 
fixed by screws. On the opposite surface, a C mount is provided as a connection 
connected to the optical apparatus such as the microscope. 

The IR cutoff filters 103j and 103 2 are optical elements, having the function of 
reducing the transmittance of light in a preset wavelength region, of light incident 
from the optical apparatus, to a preset value or lower. Also, in Fig. 13, reference 
numeral 106 represents the optical axis. 

In the fifth embodiment, each of the IR cutoff filters 103, and 103 2 is such that 
the IR cutoff coat of the interference film type is applied to the plane-parallel glass. 
Assuming the direction perpendicular to the optical axis 1 06 as the reference axis, 
the IR cutoff filters 103, and 103 2 are arranged at tilting angles of 9 = 2° and -2°, 
respectively, with the reference axis. The coated surfaces of the IR cutoff filters 

103, and 103 2 are, of course, arranged at tilting angles of 9 = 2° and -2°, respectively, 
with the reference axis. The tilting direction is a direction followed along the minor 
side of a light-receiving surface 104a. The distance LI extending along the optical 
axis 106 from a surface 103, a of the IR cutoff filter 103, to the light-receiving sur- 
face 104a of the CCD 104 is 13 mm. The length L2 of the minor side of the effec- 
tive imaging area in the CCD 104 is 6.6 mm. 

The transmittance of the IR cutoff filters 103, and 103 2 is over 90 % in the 
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wavelength range from 410 to 625 nm and is below 5 % in the wavelength range 
from 700 to 900 nm. The spectral transmittance characteristic curve of the IR cut- 
off filters 103, and 103 2 of the interference film type is shown in Fig. 15. 

Also, the fifth embodiment satisfies Condition (1), but fails to satisfy Condition 
(2). In order to satisfy Condition (2), each of the IR cutoff filters 103, and 103 2 
must be tilted by at least 7.2°. 

In the fifth embodiment, the IR cutoff filter 103, is placed so that the IR cutoff 
coated surface 103, a is situated on the opposite side (the optical apparatus side) of 
the light-receiving surface 104a. Whereby, a high-reflectance coated surface can be 
isolated from the light-receiving surface 104a. 

The IR cutoff filters 103, and 103 2 are designed to be movable in and out of the 
optical path. In the fifth embodiment, the mount section 102 is mounted to the body 
section 101 by screws. Thus, by removing the screws, the IR cutoff filters 103, and 
103 2 can be replaced with IR cutoff filters 103', and 103' 2 (not shown) of spectral 
transmittance characteristics different from those of the IR cutoff filters 103, and 
103 2 . 

For example, instead of the IR cutoff filters 103, and 103 2 , the IR cutoff filters 
103'j and 103' 2 of the color glass type in which the transmittance is over 90 % in the 
wavelength range from 400 to 550 nm and is below 6 % in the wavelength range 
from 700 to 900 nm may be used. The spectral transmittance characteristic curve of 
the IR cutoff filters 103', and 103' 2 of the color glass type is shown in Fig. 16. 

Also, even when the IR cutoff filters 103, and 103 2 are replaced with the IR cut- 
off filters 103', and 103' 2 of the color glass type, the distance LI extending along the 
optical axis 106 from a surface 103', a of the IR cutoff filter 103', to the light- 
receiving surface 104a of the CCD 104, the tilting angles (0 and -6), and the tilting 
directions are almost the same as in the IR cutoff filters 103, and 103 2 of the interfer- 
ence film type. 

In the IR cutoff filters of the color glass type, when the multiple coats are ap- 
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plied to both surfaces of each filter, the surface reflection can be suppressed. In 
doing so, the filters need not necessarily be tilted, but when they are obliquely ar- 
ranged, the production of flare light can be prevented. 

The electronic imaging apparatus of the fifth embodiment constructed as men- 
tioned above, when photographing the specimen, is connected to the microscope, not 
shown, through the mount section 102. 

According to the fifth embodiment, the IR cutoff filters 103, and 103 2 are coated 
with the interference films. Thus, there is little possibility that, like the filter of the 
absorption type, bubbles and lumps are imaged on the photographed image. 

In the electronic imaging apparatus of the fifth embodiment, the IR cutoff filters 
103, and 103 2 are obliquely placed with a relative relationship of arrangement men- 
tioned above in respect of the light-receiving surface 104a of the CCD 104. 
Whereby, light reflected by the IR cutoff coated surfaces arrives once or less at the 
light-receiving surface, and the production of flare can be suppressed. Moreover, 
since the IR cutoff filters 103, and 103 2 are tilted in the direction of the minor side of 
the effective imaging area of the CCD 104, a small tilting angle is enough and the 
space for placing the IR cutoff filters can be minimized. 

Since the fifth embodiment is constructed so that the IR cutoff filters 103, and 
103 2 can be replaced with the IR cutoff filters 103 f , and 103' 2 , the IR cutoff filters 
103, and 103 2 or the IR cutoff filters 103', and 103' 2 with different spectral transmit- 
tance characteristics are used in accordance with the kind of specimen and micros- 
copy, and thereby the specimen can be imaged in a wider range. 

In the fifth embodiment, the plane-parallel glass is thought of as being designed 
so that the antireflection coat is not applied. However, when the antireflection coat 
is applied, a considerable effect of suppressing the production of flare is obtained. 
As such, when the plane-parallel glass to which the antireflection coat is applied is 
combined with the IR cutoff filters, the production of flare can be further suppressed. 

The effect of tilting the optical element to reduce flare caused by its surface re- 
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flection is beneficially brought about not only by the IR cutoff filter, but also by all 
optical elements in the camera placed ahead of the light-receiving surface. Thus, 
Condition (1) or (2) may be applied to all optical elements in the camera placed 
ahead of the light-receiving surface. 
5 The present invention is not limited to the above embodiments, and various 

modifications can be made without departing from the scope of the present invention. 
In the above embodiments, various aspects of the present invention are included and 
are extracted by proper combinations in a plurality of components to be disclosed. 
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